Experiments were done to characterize the vascular responses to stimulation of aortic and carotid chemoreceptors and to identify the efferent components of the sympathetic system which are activated in different vascular beds. The chemoreceptors were stimulated with nicotine and cyanide in anesthetized and artificially ventilated dogs. The gracilis muscle and hindpaw were isolated and perfused with blood at constant flow. Changes in perfusion pressure reflected changes in total vascular resistance, and changes in small vein pressure reflected changes in venous resistance. The results indicate that stimulation of carotid and aortic chemoreceptors activates selectively efferent adrenergic constrictor fibers supplying prevenous resistance vessels in the gracilis muscle and venous resistance vessels in the paw. In contrast, there was a dilatation of prevenous resistance vessels in the paw caused by activation of efferent sympathetic dilator fibers and not by withdrawal of sympathetic constrictor tone. The dilatation was not mediated through the release of aeetylcholine, histamine, or bradykinin nor through beta receptors. Bilateral denervation of the carotid sinus and body and bilateral vagotomy abolished the reflex responses caused by injections of the chemicals. These responses were not the result of activation of baroreceptors since they were not reproduced during electrical stimulation of the carotid sinus nerve.
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• The changes in total peripheral vascular resistance during stimulation of aortic or carotid chemoreceptors indicate that the predominant peripheral response is a vasoconstrictor one (1) (2) (3) (4) . Observations on total peripheral vascular resistance, however, provide no information on responses of individual This work was supported by U. S. Public Health Service Grants HE-09835 and HE-02644 and Research Career Program Award HE-K3-17013 from the National Heart Institute. Dr. Calvelo was a recipient of a Clinical Traineeship in Cardiology (5T-12HE-05729).
Received October 30, 1969. Accepted for publication May 29, 1970. vascular beds. Bernthal reported in 1932 that stimulation of carotid chemoreceptors with sodium cyanide produced a transient vasoconstriction in the dog's hindlimb followed by a marked and sustained vasodilatation (5) . The vasodilator component of the response was demonstrated also with both hypoxia and cyanide (6, 7) in the foreleg, but not in the intestine. Korner and Uther (8) recently reported studies using a thermal conductivity method to estimate skin blood flow which suggest that hypoxia decreases cutaneous vascular tone and increases vascular resistance in muscle in unanesthetized rabbits.
In the present experiments, vascular effects of stimulation of aortic and carotid chemore- ceptors with nicotine and cyanide were studied in anesthetized dogs. Arterial and venous responses in a skeletal muscle (gracilis) preparation were compared to responses in the hindpaw, which is largely skin. Efferent components of the sympathetic system which were activated in these two vascular beds during stimulation of chemoreceptors were identified by selective autonomic blockade.
Methods
Male mongrel dogs (15 to 24 kg) were anesthetized with chloralose (50 mg/kg) and urethane (500 mg/kg), treated with decamethonium bromide (0.3 mg/kg) intravenously, and ventilated with a fixed-volume respiratory pump through a cuffed endotracheal tube. Respiratory rate was fixed at 15/min and tidal volume was adjusted at approximately 17 ml/kg. Transient partial expiratory obstruction was carried out intermittently for periods of 5 seconds every half hour to favor adequate pulmonary inflation. In previous experiments using similar methods of ventilation (9) , end-tidal CO2 was monitored with a Beckman infrared CO 2 analyzer and was found to remain at levels close to 5% for periods of 2 to 3 hours. In the present study, arterial Po2, Pcc>2 and pH averaged 94.8 mm Hg, 31.1 mm Hg and 7.428 units at the beginning of the experiment and 119.5 mm Hg, 32.7 mm Hg and 7.352 units at the end in ten animals. Oxygen was added to the inspired air at a rate of 1 to 2 liters/minute to keep arterial Po 2 above 80 mm Hg in most experiments.
SIMULTANEOUS PERFUSION OF GRACILIS MUSCLE AND HINDPAW
The right gracilis muscle was dissected free from all connections except the gracilis artery and vein and the obturator nerve. The right cranial tibial artery was exposed 3 to 4 cm upstream from the tarsus, and other collateral arteries at that level were ligated.
After the intravenous injection of heparin (5 mg/kg), a large cannula was inserted into the right femoral artery; the cannula was bifurcated to permit separate perfusion of the gracilis artery and the cranial tibial artery with two perfusion pumps (Harvard Apparatus Company, Inc., Millis, Massachusetts).
Constancy of Flow.-Blood flow to both muscle and paw was maintained constant throughout the period of the experiments. This was done by adjusting the settings on the pumps at the beginning of each experiment so that perfusion pressure in both muscle and paw approximated systemic arterial pressure and by avoiding any further adjustments throughout the experiment. Once the settings were fixed, the output of the pump was constant regardless of changes in pressure either upstream (0 to 300 mm Hg) or downstream (0 to 400 mm Hg) from the pump. When the outflow of the pump was measured continuously with an electromagnetic flowmeter, it was found to remain constant despite marked fluctuations in arterial pressure upstream from the pump. Marked hypotension was induced by clamping the expiratory tubing on the respirator for 30 seconds, thereby increasing intrathoracic pressure, and a pressure overshoot was caused by releasing the clamp. Neither the fall in arterial pressure to 25 mm Hg nor its rise to 250 mm Hg affected the output of the pump. The rates of flow were measured at the end of each experiment by collecting the output of each pump into a calibrated cylinder. Blood flow through the muscle averaged 12 ml/min and that through the paw 24 ml/min.
Complete isolation of the muscle ensured the lack of collateral circulation to this bed. The absence of significant collateral arterial supply to die paw was confirmed in many previous experiments using this preparation by stopping the perfusion pump and observing changes in perfusion pressure and in venous return from the paw. Perfusion pressure fell abrupdy to levels of 15 to 20 mm Hg. Venous return through the saphenous vein was measured by cannulating that vein upstream at the level of the tarsus and collecting the venous outflow into a calibrated cylinder. Other veins draining the paw were ligated. Venous return ceased when the pump was stopped.
A small dorsal metatarsal vein and a small vein draining the caudal part of the gracilis muscle were cannulated retrogradely with small polyethylene cannulas (PE 10, 0.6 mm o.d.) filled with normal saline. The cannulas were advanced upstream into each vein for a distance of 3 to 4 cm and tied in place. Pressures in the perfused arteries and in the small veins were measured with Statham transducers and recorded with a direct-writing oscillograph. Mean pressures were recorded by electrical integration of the output of the preamplifier. Transducers (P 23 GB) with small volume displacement (0.01 mm 8 /100 mm Hg) were used for pressure measurements in the small veins. Small vein pressures were considered valid when there was evidence of adequate collateral connections between the cannulated vein and other small veins. Such evidence included the ability to withdraw blood freely through the venous cannulas, to inject small amounts of saline with only a very transient rise in venous pressure, and to observe venous pulsation. On this basis 20 to 30% of the pressure measurements in the muscle vein and less than 5% 
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of the measurements in the metatarsal vein were considered invalid (10) .
At constant blood flow, the changes in pressure gradient between the perfused gracilis artery or the perfused cranial tibial artery and the femoral vein are proportional to the changes in total vascular resistance in the muscle and paw, respectively. The changes in pressure gradient between the small vein in the muscle or paw and the femoral vein are proportional to changes in the corresponding venous resistances. There were no significant changes in femoral vein pressure during the interventions, and the changes in perfusion pressure and in small vein pressure are therefore proportional to the changes in total and in venous resistances, respectively. Similarly, the changes in pressure gradient between the perfused artery and the small vein are proportional to changes in prevenous resistance, which is predominantly arteriolar and arterial.
The transit time through the perfusion tubing ranged from 40 to 60 seconds; changes in perfusion pressure occurring immediately following stimulation of chemoreceptors could be ascribed to neurogenic reflexes since chemical 
Diagram of different sites of injection (X)
.
STIMULATION OF CHEMORECEPTORS
Chemoreceptors were stimulated with injections of nicotine bitartrate (0.5 to 10 (jLgjVg) and sodium cyanide (0.05 to 0.4 mg/kg). A no. 7 Cournand catheter (internal volume 1.5 ml) was inserted through the right common carotid artery into the left ventricle and withdrawn into the ascending aorta 3 to 4 cm above the aortic valve ( Fig. 1) while monitoring the pressure at the tip of the catheter to determine its position. The left common carotid artery was cannulated upstream in the midcervical region with one branch of a Ytubing; the other two branches were inserted downstream into both common carotid arteries. Each branch of the Y-tubing was short (2 to 3 cm in length) and had an internal diameter of 5 mm. With this arrangement, injections of nicotine and cyanide through the Cournand catheter reached the aortic and carotid bodies almost simultaneously and are referred to as causing an "aortic + carotid" stimulation (A in Fig. 1) . Stimulation of the carotid bodies only could be achieved by injections of the chemicals directly into the Yconnection; this is referred to as "carotid" stimulation (B in Fig. 1 ). To study the response to stimulation of the aortic bodies only, we used a method similar to the one described by Comroe and Mortimer (11); two plastic coils were connected to the Y-tubing in such a way that carotid blood flow could be diverted through the coils and carotid stimulation delayed. The "delay coils" had a large diameter (0.8 cm i.d.), a capacity of 100 ml each and postponed the arrival of chemicals at the carotid bodies by 50 to 70 seconds. Injections through the Cournand catheter are referred to as causing "aortic" stimulation (C in Fig. 1 ). The doses of nicotine and cyanide were injected into the catheter in volumes less than 1 ml and flushed with 4 ml of saline. The difference in pressure at the beginning and at the end of the coils was negligible (2 to 4 mm Hg) as reported by others (11) .
In many experiments we did not attempt to separate aortic from carotid responses and avoided the cannulation of carotid arteries. Injections were made through a small polyethylene cannula inserted into the right cranial thyroid artery and advanced to the right common carotid to stimulate carotid receptors only. In these animals injections into the root of the aorta through a Cournand catheter placed in a femoral artery caused "aortic + carotid" stimulation.
Heat lamps were sufficient to prevent any significant heat loss from the coils. The rectal temperature of the animals dropped only 0.5°F over a period of 2 hours when the "delay coils" were used. Thermocouple needle probes were inserted into the tubings perfusing the paw and muscle in similar preparations, and the stability of the temperature of blood over a period of 2 to 3 hours was confirmed (12) .
PHARMACOLOGIC BLOCKADE OF VASCULAR RESPONSES
We used the following drugs in an attempt to antagonize vascular responses observed in muscle and paw: phentolamine methanesulfonate (0. 
Results
Observations during the first 20 to 40 seconds after injection of the chemicals are described in more detail than the late responses because of our primary interest in the neurogenic responses of the perfused beds.
CHANGES IN SYSTEMIC ARTERIAL PRESSURE AND HEART RATE IN RESPONSE TO NICOTINE AND CYANIDE
Blood Pressure.-A consistent and significant fall in arterial pressure occurred immediately after injections of nicotine into the carotid arteries. Injections of nicotine or cyanide in the ascending aorta (Tables 1 and 2) caused decreases in pressure in some experiments and increases in others, so that the average change in pressure was not statistically significant.
Mean (± BE) Maximal Changes in Eight Experiments during the First Twenty lo Forty Seconds after Injection of Nicotine or of Cyanide
Heart Rate.-There was an immediate transient bradycardia with almost all injections, but this response appeared to be most pronounced with "carotid" stimulation (Tables land 2).
CHANGES IN PERFUSION PRESSURE IN MUSCLE AND PAW DURING STIMULATION OF CHEMORECEPTORS
Gracilis Muscle.-All injections (carotid, aortic and aortic + carotid) of nicotine or cyanide caused consistent and pronounced increases in perfusion pressure in the gracilis muscle which were blocked by phentolamine (Tables land 3) .
Paw. Fig. 2 ) which were not altered by the alpha-receptor blocking agent (Table 3) . The remaining injections caused increases in pressure in some experiments and decreases in others, so that the average responses were not statistically significant; but after phentolamine reductions in perfusion pressure were observed more consistently in the paw (Table  3) .
VASCULAR RESPONSES TO CHANGES IN HEART RATE AND ARTERIAL PRESSURE INDUCED BY INTERVENTIONS OTHER THAN STIMULATION OF CHEMORECEPTORS
To assess the contribution of the early changes in rate and blood pressure to the reflex vascular responses, we studied the effects of electrical stimulation of the distal end of the cut right vagus (20 v, 6 pulses/sec, 10 msec) and of intravenous injections of norepinephrine (0.5 yxg/kg). In seven dogs vagal stimulation during periods of 15 to 20 seconds caused transient reductions in rate (-101 ±SE 12.5 beats/min) and blood pressure (-36 ±7.9 mm Hg) which paralleled those observed during stimulation of carotid chemoreceptors but caused only small changes in perfusion pressure observed in both muscle (-2.3 ±1.5 mm Hg) and paw (-1.6 ±1.3 mm Hg). The elevation of systemic arterial pressure with intravenous norepinephrine (+31.2 ±3.2 mm Hg) caused only minimal reflex reductions in perfusion pressure in both muscle ( -12.1 ±3.4 mm Hg) and paw (-9.0 ± 2.6 mm Hg). It seems, therefore, that the changes in heart rate and in arterial pressure associated with stimulation of chemoreceptors contribute minimally to the vascular responses in these studies.
RESPONSE AFTER DENERVATION OF CAROTID AND AORTIC CHEMORECEPTORS
Denervation of Right Carotid Sinus.-In six experiments, nicotine (10 to 40 fig) and cyanide (100 to 400 pg) were injected into the right carotid artery through a small polyethylene cannula inserted into the right cranial thyroid artery. Responses were observed before and after section of the right carotid sinus nerve. The changes in systemic arterial pressure and in perfusion pressure in both muscle and paw were essentially abolished by denervation ( Table 2) . 
Effects of Carotid Siniis Denervalion and Vagotomy on Responsiveness to Injections of Nicotine and Cyanit
After bilateral sinus denervation and bilateral midcervical vagotomy, the responses in muscle and paw were either abolished or markedly attenuated. Changes in systemic pressure persisted after denervation when large doses were injected; these changes in pressure differed from those observed before denervation in that they were not associated with a bradycardia and were more gradual in onset, reaching the maximal level after 30 to 40 seconds (Table 2 , Fig. 3 ).
COMPARISON OF RESPONSES TO STIMULATION OF BARORECEPTOR NERVES TO THOSE OBSERVED AFTER NICOTINE AND CYANIDE
Injection of the chemicals caused a transient fall in arterial pressure and bradycardia. These systemic changes raise the possibility that the responses observed in the muscle and paw may have been triggered in part by stimulation of baroreceptor nerves. In another group of four dogs, electrodes were placed around the carotid sinus fibers as they leave the carotid sinus bulb. Responses to electrical stimulation of these nerves (5 v, 0.3 to 3.0 msec, 30 to 60 pulses/sec) were compared to responses caused by injections of nicotine and cyanide. In these same animals, the effects of nicotine or cyanide were also superimposed on the responses observed during a period of continuous electrical stimulation of the baroreceptor nerves. Results in Figures 6 and 7 indicate that the responses observed in the muscle and paw during nerve stimulation differed markedly from those observed after injection of the chemicals despite the fact that systemic hypotension and bradycardia were induced by both stimuli. Stimulation of the Grac. -gracilis muscle.
•Decreases in perfusion pressure were significant only after phentolaminc but not before (P < 0.05). "Decreases in perfuyion pressure were significant both before and after phentolamine. tHesponaes after plientolamine were significantly different from those obtained before (P < 0.05). Figure 2 .
Responses to aortic injection of cyanide (aortic + carotid) before (left) and after (right) denervation of carotid sinuses and bilateral vagotomy. The changes in perfusion pressure in gracilis muscle and paw were abolished, emphasizing the fact that the reflex responses in muscle and paw were triggered by afferent impulses originating in the carotid sinus area and the aortic arch and mediated through the carotid sinus nerves and the vagi. The changes in systemic pressure which persisted after denervation were small and differed from those observed before denervation (Table 2). CN = cyanide, other abbreviations as in
chemoreceptors caused marked vasoconstriction in the muscle and vasodilatation in the paw. Stimulation of baroreceptor nerves caused vasodilatation in the muscle in three of the four experiments and minimal vasoconstriction in one. In the paw relatively small reductions in perfusion pressure were observed.
RESPONSES AFTER PERIPHERAL DENERVATION OF MUSCLE AND PAW
In a group of five experiments, the neurogenic mediation of the responses in paw and muscle was confirmed by section of the sciatic and obturator nerves. The immediate changes in perfusion pressure observed in both beds after injection of the chemicals (Figs. 2, 3-5 ) were abolished as a result of denervation (Fig. 6) .
Delayed Responses-Delayed changes in perfusion pressures were observed particularly in the paw after injections of large doses of nicotine and cyanide (Table 4) . These changes could be ascribed to humoral factors since they took place after 50 to 70 seconds rculation Rtsttni, Vol. XXV11, Aaput 1970 had elapsed from the time of injection of the chemicals (Fig. 6 ).
CHANGES IN SMALL VEIN PRESSURE IN MUSCLE AND PAW DURING STIMULATION OF CHEMORECEPTORS
Changes in small vein pressures were negligible in the gracilis muscle even after injection of large doses of the chemicals ( Table 5 and Fig. 7 ). In the paw, small but significant increases were seen only during stimulation of aortic +carotid chemoreceptors with large doses of nicotine or cyanide. In some experiments the initial increase in pressure was followed by a delayed greater rise in small vein pressure in the paw ( Table  5) .
As mentioned earlier, the administration of phentolamine antagonized the vasoconstrictor response in the muscle. On the other hand, the dilator response in the paw was either unchanged, augmented or unmasked (Tables  1 and 3 ), suggesting that the dilatation was not caused by a passive withdrawal of sympathetic tone. These results and the disappearance of the dilator response in the paw after denervation suggest that activation of vasodilator fibers to the paw had taken place during stimulation of chemoreceptors. The possible mediator of this dilatation was explored in another group of six dogs.
Atropine, tripelennamine, and propranolol blocked the decreases in perfusion pressure in response to acetylcholine, histamine, and isoproterenol respectively. These blockers, however, did not antagonize the decrease in perfusion pressure caused by stimulation of chemoreceptors (Table 6 ). In two experiments, the administration of carboxypeptidase 
Responses in four experiments during stimulation of baroreceptor nerves (CSS) and after injection of nicotine (Nic) into the right carotid artery (RCA) or cyanide (CN) into the aortic root to activate aortic + carotid chemoreceptors (A + C). A HR = maximal changes in heart rates (beats/min). Horizontal scale is time in minutes. Arrow indicates the moment of injection.
(400 ^g/min) antagonized the dilator responses to bradykinin (50 ng) without altering the dilator responses to stimulation of chemoreceptors (Table 7) .
CircuUlum Rtlfrcb, Vol. XXVII, August 1970
VASCULAR RESPONSES TO ELECTRICAL STIMULATION OF LUMBAR SYMPATHETIC CHAIN
The absence of reflex vasoconstricrion in the paw and the lack of significant constriction of venous segments in muscle in response to stimulation of chemoreceptors raised a question concerning the extent of sympathetic adrenergic innervation of these vascular segments. Responses to electrical stimulation of the lumbar sympathetic chain observed in these experiments (Fig. 8) indicate that the prevenous segments in the paw do constrict just as actively, if not more so, than those in the muscle and that constriction of venous segments is much greater in the paw than in the muscle in confirmation of previous observations (10).
Discussion
The results indicate that stimulation of aortic and carotid chemoreceptors with nicotine and cyanide cause differential reflex effects on various vascular segments of the hindlimb of dog. In the gracilis muscle, there was consistent and pronounced vasoconstriction of prevenous resistance vessels, which are primarily arterioles. In the paw, vasodilatation was the predominant response. Constriction of venous segments was not apparent in the muscle, but was observed in the paw only after large doses of nicotine and cyanide. These reflex responses were neurogenic, since they occurred almost immediately after injection of the chemicals and were not observed after cutting both the sciatic and obturator nerves.
The discussion will deal first with the afferent and then the efferent component of this reflex.
Afferent Component.-The possibility that the chemicals caused the circulatory responses in the hindlimb through their effect on other receptor sites or parts of the body different from aortic and carotid chemoreceptors had to be considered. This possibility is unlikely because of the results obtained after carotid sinus denervation and bilateral vagotomy. The effects of ihtracarotid injections of the chemicals were completely abolished by carotid sinus denervation. Similarly, the reflex responses in both muscle and paw to injections of the chemicals into the root of the aorta were essentially abolished after bilateral vagotomy and bilateral carotid sinus denervation.
The response to the chemicals may have been caused in part by stimulation of the baroreceptor nerves incidental to stimulation of the aortic and carotid bodies. When the carotid sinus fibers were stimulated electrically as they emerged from the carotid sinus bulb, there was a significant reduction in arterial pressure and heart rate with changes CircuUlion Rtstarcb, Vol. XXVII, Axguit 1970 in perfusion pressure in the muscle and paw which were small and differed markedly from those observed after injection of the chemicals. These findings would suggest that the responses to the chemicals were only minimally, if at all, the result of stimulation of baroreceptor afferent fibers.
The changes in systemic arterial pressure and heart rate observed immediately after stimulation of the chemoreceptors were impressive and must have triggered reflex responses from baroreceptor areas in the heart or major vessels which might have contributed significantly to the circulatory changes observed in the hindlimb. Furthermore, Heymans and Neil have indicated that decrease of blood pressure at the carotid bifurcation may stimulate carotid chemoreceptors (13) . There are several reasons, however, why we believe that the responses in the muscle and paw were the result of activation of the chemoreceptors themselves by the chemicals rather than the result of changes in the heart rate and arterial pressure which occur simultaneously. The reasons are: (1) similar responses in the muscle and paw were observed whether the arterial pressure fell (carotid stimulation) or increased (aortic stimulation); (2) marked bradycardia and hypotension could be produced by stimulation of the distal end of the right vagus and by stimulation of the carotid sinus nerve without triggering significant reflex responses such as those seen after injection of the chemicals; (3) injection of norepinephrine in doses sufficient to raise arterial pressure to levels similar to those seen after injections of nicotine and cyanide into the aortic root caused only small reductions in perfusion pressure in both muscle and paw. It would seem, therefore, that the afferent component of the reflex described in these experiments represents in major part a selective activation of aortic and carotid chemoreceptors. vessels in skeletal muscle. The magnitude of this constrictor response is similar to that resulting from electrical stimulations equivalent to the physiologic range of impulse frequency obtained in sympathetic vasomotor fibers (14) . Activation of constrictor fibers to venous segments in the paw is less intense and corresponds to electrical stimulation at only 0.3 to 1 pulse/sec. This relatively small venous response is in accord with observations made by Browse et al., who reported that constriction of the saphenous vein during stimulation of both baroreceptors and chemoreceptors was equivalent to that obtained during stimulation at rates less than 0.5 impulses/sec (15, 16) . These investigators have reported also that after repeated stimulation of chemoreceptors a venodilator response may become apparent in the saphenous vein of dog. We did not observe a decrease in resistance of venous segments draining the paw which would correspond to their findings. It should be mentioned, however, that in the studies by Browse et al., venous responses were measured as changes in the compliance of a "capacity" vessel, whereas we were measuring changes in venous resistance. The decrease in compliance of the large vein may not cause significant changes in venous resistance or may be opposed by passive or active constriction of smaller venous segments upstream.
We did, however, observe a dilator response of prevenous resistance vessels in the paw. We considered the possibility that it may be caused by inhibition or withdrawal of sympathetic vasoconstrictor tone. The results observed after administration of the alphareceptor blocker phentolamine would negate this possibility. Although the blocker antagonized the vasoconstrictor response in the muscle, it did not alter the vasodilator response in the paw. In fact, a vasodilator response was unmasked in the paw after the alpha-receptor blocker in response to those interventions which had not caused a significant change in resistance before the blocker (Tables 1 and 3 ). It appears, therefore, that vasoconstriction in the muscle is mediated through the activation of sympathetic adren-274 CALVELO, ABBOUD, BALLARD, ABDEL-SAYED ergic fibers and that dilatation in the paw results from activation of sympathetic dilator fibers.
To identify the component of the sympathetic dilator system which may be activated, we attempted to block the dilator response with atropine, tripelennamine, propranolol, and carboxypeptidase. Several components of the sympathetic dilator system have been described. One is the cholinergic system which supplies predominantly skeletal muscle and is activated by hypothalamic stimulation (17) . A second component is a histaminergic dilator system which has been shown by Beck (18) and more recently by Brody (19) to mediate vasodilatation in the whole hindlimb of dog during stimulation of carotid baroreceptors. A third component is the dilator system which activates beta receptors in skeletal muscle; this system has been demonstrated recently with direct nerve stimulation by Viveros et al. (20) . A fourth component may activate bradykinin and induce vasodilatation (21) . Finally, a fifth component of the sympathetic dilator system causes sustained and pronounced dilatation in the paw. This pathway was identified with direct nerve stimulation by Beck and his coworkers (22) , by our group (23, 24) and by Zimmerman (25). The mediator of this dilator system has not yet been identified. The results of these experiments may represent the first demonstration of reflex activation of this system and suggest that it may have physiologic importance.
Stimulation of chemoreceptors by hypoxia or cyanide has been reported to cause a neurogenic vasodilator response which was manifested after the termination of the stimulus (3, 26) or after an initial vasoconstriction (5-7). The results of the present study raise the possibility that such a vasodilator response might occur during rather than after the stimulus, that it may be located predominantly in the cutaneous and not in the muscular beds, and that it may be masked by the vasoconstriction in the muscular portion of the limbs.
In several experiments, delayed responses which could be ascribed to humoral factors were observed. These consisted of increases in total and in venous resistances in the paw (Tables 4 and 5 and Fig. 8 ) and small transient decreases in total resistance in the muscle. In five experiments, denervation by cutting the sciatic and obturator nerves did not alter these delayed responses (Fig. 8) . It is possible that catecholamines released from the adrenals may contribute to the delayed responses because in two of these experiments the constriction in the paw was blocked by phentolamine.
A qualitative comparison of responses to stimulation of aortic and carotid chemoreceptors was possible by comparing the effects of low doses of nicotine and cyanide on the carotid receptors to those of high doses injected into the root of the aorta. It was apparent that both chemoreceptor areas may mediate reflex vasoconstriction in muscle and vasodilatation in the paw. Differential effects were observed, however, with the two chemicals. Nicotine caused greater vasoconstriction in the muscle and more consistent vasodilatation in the paw when it activated carotid, than when it stimulated aortic, chemoreceptors (Tables 1-3) . Cyanide, on the other hand, caused greater vasoconstriction in the gracilis muscle when it activated aortic chemoreceptors; a vasodilatation in the paw was seen when carotid chemoreceptor sites were stimulated with cyanide after alpha receptors had been blocked (Tables 1 and 3 ). The reasons for the differences seen with nicotine and cyanide are not apparent but they are not unique to these studies (11) . There is little doubt that these drugs have different effects on sites other than the aortic and carotid chemoreceptors, as indicated from the rise in systemic pressure with nicotine and the fall in pressure with cyanide after denervarion of the carotid sinuses and bilateral vagotomy ( Table  2 , Fig. 5 ). These effects, however, did not by themselves cause significant vascular responses in the muscle or paw but it is possible that they may have modified the reflex responses generated in the aortic and carotid chemoreceptor areas by nicotine or cyanide.
Perhaps the most important conclusion is that individual vascular beds and vascular segments may respond differently or oppositely to stimulation of chemoreceptors. Although both constrictor and dilator fibers supply prevenous resistance vessels in the paw and muscle and constrictor fibers supply predominantly venous segments in the paw, stimulation of chemoreceptors causes selective activation of certain efferent pathways to the exclusion of others. Vaso constriction occurs in the muscle, vasodilatation predominates in the paw, and the participation of venous segments is negligible in the muscle and relatively minor in the paw. The importance of this selectivity in the overall peripheral vascular response to stimulation of chemoreceptors cannot be evaluated from these experiments. One may speculate that it represents an attempt at oxygen conservation by redistributing flow away from the more metabolically active tissue.
